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This paper deals with the problem of electricity theft. In developing countries, individuals and
firms illegally underpay their electricity bills in various ways. This results in large amounts of
unbilled electricity, and causes significant revenue losses to the electricity distribution utilities and
hence, presents a case of compliance similar to tax evasion. We argue however that electricity
theft, unlike tax evasion, is easier to measure, as it is captured in what is called system loss,
defined as unbilled electricity as a percentage of the electricity supplied. Whereas this measure
always contains some technical loss due to transmission and distribution channels, a large part of
it also contains the stolen amount, since it remains unbilled. We look at changes in system loss in
Indian electricity supplying authorities for different states between 2003 and 2012 in response to
a stricter legal environment. We expect that electricity theft should respond to these changes,
whereas the technical loss should be nonresponsive. We use the recent provisions for stronger
law enforcement institutions stipulated under the Electricity Act 2003 in India to test this
hypothesis. The disparity in the timing of adoption of the Act of different states allows us to design
a quasi-experiment. We also consider electricity prices to draw a similar analysis corresponding to
the effect of tax on tax evasion. We find that adoption of the Act and thereby the creation of a
stronger legal institution reduces system loss whereas increases in price, like increases in tax,
increases system loss.

Key Words: Electricity Theft, Compliance, Legal Institutions, Electricity Tariffs, lllegal Behavior,
Evasion
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l. Introduction

Electricity in developing countries is often subject to theft, creating significant revenue losses in the
power distribution utilities. Consumers use various illicit ways to underpay electricity bills less than
what they actually consume.! A big percentage of supplied electricity is thus unpaid for, even though
considerable resources continue to be used to supply that electricity and the power distribution
utilities face significant revenue losses. For example, the then-Prime Minister of India Mr. Atal Behari
Vajpayee in his 2002 Independence Day Speech said that the national theft of electricity is estimated
to cost about four billion dollars a year. In the same year, Transparency International, India found the
power sector to be the third most corrupt sector in the country. Smith (2004) reports that the
Pakistani Army in 1999 had found about 100,993 instances of power theft, had collected about Rs
2.4 billion (USS 28.66 million) in fines and penalties and had made about 1188 arrests in this regard.
Whereas it is an important case to study in its own right, it also has interesting resemblance to tax
evasion, where there are similar legal institutions (e.g., fines for evasion) to ensure compliance.

It may however be easier to measure electricity theft, thanks to some technical factors pertaining to
the power sector. Generally, power utilities record the amount of electricity that they send as input
through a distribution line or location as well as the amount of electricity that they can bill on that
line or location. Some electricity is always lost during transmission and distribution and power
utilities often report it by calculating the amount of electricity that is unbilled as a percentage of
electricity input. This is known as the System Loss or Transmission and Distribution (T&D) Loss.
However, the electricity that is subject to theft is also unbilled and therefore captured in this system
loss data.

In this paper, we analyse changes in the system loss resulting from strengthening of law enforcement
institutions in India. The Ministry of Power in India passed a new Electricity Act in 2003, replacing the
older India Electricity Act, 1910. The new Act defines electricity theft more explicitly with clearer
specifications of what activities are considered theft, includes more rational and probably stringent
penalties andmakes provisions for the setting up of fast-track special courts to facilitate the
processing of the punishments, if required. We believe that this should not affect the technical
component of system loss, but can possibly increase compliance in consumer behavior and result in
lower ‘nontechnical’ system loss. Overall then, we can expect a lower system loss caused by the Act.

Electricity theft is an interesting case in hand also due to its close resemblance to the problem of tax
evasion In the case of tax evasion, individuals and firms are required to report their income (income
tax, corporate tax, etc.) or expenditure (sales tax, customs duties etc.). The Tax Authority then
prepares the tax payable to the authority which the tax payer agrees to pay. The tax payer however
has an incentive to underreport income/expenditure for which they can pay less and evade taxes. In
case of electricity theft, the consumers are required to pay electricity according to their
consumption. However, they also have incentives to underpay and often manage to underreport
electricity consumption. In addition, authorities in both cases need to rely on rigorous monitoring
and stringent enforcement mechanisms to ensure compliance with tax or electricity laws. It is
however often difficult to measure tax evasion since the actual income or expenditure is difficult to
ascertain. Electricity in this regard is an interesting case as the degree of theft can be captured with
relative ease.

See Smith (2004) for details on how this theft occurs. Roughly, there are three ways that this occurs: i) by tampering the meter, ii)
by making illegal hook ups and/or ii) by arranging a lower-than-consumed reading of the meter in alliance with the meter reader.
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A major advantage of studying this in India stems from the fact that it allows us to design a
quasi-experiment. After the Ministry of Power passed the Act in 2003, different states responded
to it differently by endorsing the Act in different years. Hence, we can analyse changes in the
system loss in a power utility before and after the enactment of the Act with a large number of
power utilities maintaining their status quo over the same period. In other words, we can control
for unobservable components of both the utility and the year.

For the purpose of our study, we use the data included in the reports on the performances of
power utilities published by Power Finance Corporation Limited, the nodal agency for a number of
power sector programs of the Ministry of Power, India. The data contains the after-transmission
input and billing data at the Power Utility level which can be used to calculate the Distributional
System Loss. In other words, the system loss data does not contain Transmission related system
loss and is therefore much cleaner than other administrative records of system loss data. The data
ranges between the years 2003-04 and 2011-12, during which most of the states adopted the

policy.

We found an important result: the power utilities experienced a lower system loss after
ratification of the Act by their respective State Electricity Regulatory Commissions (SERCs). This
result is robust to inclusion of other related reforms that started in late 1990s, namely,
corporatisation and decentralisation of distribution entities. We are also able to control for a
number of additional factors that may influence the technical component of the system loss over
time. After controlling for all these factors, the most conservative estimate of this effect is at least
4.05%.

In addition to the effect of stronger legal institutions, we investigated the effect of electricity
prices on electricity theft. This is similar to tax evasion literature where impact of taxes is often
examined on tax evasion. Whereas it is difficult to measure tax evasion, the availability of data on
system loss makes it possible to probe a potentially similar relationship between the electricity
price and electricity theft. In line with tax evasion literature, we find that increases in electricity
prices increases system loss and thus, electricity theft.

We contribute to the empirical literature on illegal and non-compliance behavior. Whereas
electricity theft is recognized as a major problem, rigorous econometric studies are surprisingly
absent in the literature. Smith (2004) provides a detailed account drawing from a number of
studies and reports and presents a cross-country descriptive analysis linking system loss to various
governance indicators. Wamukoniya (2003) makes a descriptive analysis of effects of reform
efforts on system loss. Nagayama (2010) examines the effect of a number of reform efforts on
system loss using cross-country panel data.? He however didn’t link system loss to electricity theft.
The papers and reports that discuss the problem of electricity theft and system loss at the country
level are Boullie, Dubrovsky and Maurer (2001) on Chile, Rudnick and Raineri (1997) on Argentina,
Alam et al. (2004) on Bangladesh and Dubash and Rajan (2001), Kumar (2004), Ranganathan
(2005), Katyar (2005), Dash (2006) and Sahoo (2007) on India. None however, analyses the effect
of the stronger legal institutions on electricity theft or system loss. More important, all the studies
except Nagayama (2010) shied away from an econometric analysis with a clear empirical strategy.

The reforms considered are i. Introduction of Foreign Independent Power Providers. ii. Privatization of electricity entities.
iii. Unbundling (of generation, transmission and distribution) of electricity sector. iv. Introduction of retail competition.
v. Establishment of independent regulator. and vi. Introduction of wholesale electric power spot market.
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Our paper closely resembles the tax evasion literature in spirit due to the similarity of the
problem. We therefore draw parallels to the empirical literature on tax evasion here. Most
empirical work within this literature emphasizes tax structures and law enforcement. To analyse
the effect of law enforcement, most papers consider monitoring efforts (See, for example, Kahn,
Silva and Zilliak (2001), Mishra, Subramanian and Topalova (2008) and Yang (2008a) for auditing
by public agencies and Yang (2008b) for inspection by private agencies). A few papers analyse the
role of verifiability of tax evasion (see Marion and Muehlegger (2008) in the context of diesel tax
and Mishra, Subramanian and Topalova (2008) in the context of international trade). We however
consider improvements in legal institutions through providing clearer definitions of theft,
establishing more stringent punishments and smoothening legal procedures through the
provision of special courts which haven’t been considered in the tax evasion literature so far.

The effect of legal institutions has been empirically investigated in the economics of crime field in
varied contexts and is well established. For example, Bar-llan and Sacerdote (2004) show that
increases in fines reduces traffic light violations. Levitt and Miles (2007) and Levitt and Miles
(2008) make excellent surveys on this literature and show that increased punishment and
improved law enforcement institutions decreases criminal activities. Our paper lends support to
this finding.

The paper is organised as follows. Section Il gives an Institutional Background, Section Il discusses
the data, Section IV provides some basic descriptive statistics and illustrates our results
graphically, Section V presents the empirical framewaork, Section VI provides the empirical results
and a discussion on robustness checks against potential endogeneity issues and Section VII
concludes.

Il. Institutional Backgro

India is the second largest country by population and the seventh largest country by geographical
area in the world. The country is divided in to 29 states and 6 union territories. Figure 1 shows an
administrative map of India with geographical locations of different states.

India started reforming its electricity sector in the 1990s. Until the mid-1990s, state level power
sectors were completely governed by the State Electricity Boards (SEBs); SEBs were responsible
for regulations, much of the generation and transmission and all of the distribution. In 1998, India
passed the Regulatory Commission Act under which each state was required to delegate the
regulatory functions to independent Electricity Regulatory Commissions (ERCs). Many states were
also unbundled into three entities in line with their functionalities: Generation, Transmission and
Distribution. Some states went a step further by corporatizing these entities. In addition, a
number of states decentralised the distribution system by assigning different geographical regions
within a state to different state-owned power corporations. The year of corporatisation and the
number of entities decentralised to at different states is given in Table 1.
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Figure 1: Map of India
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Table 1: Various reforms in Indian states

States 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
Andhra Pradesh
Arunachal Pradesh

Assam
Bihar
Chhattisgarh

Delhi

Goa

Gujarat

Haryana

Himachal Pradesh

Jammu & Kashmir
Jharkhand
Karnataka

Kerala

Madhya Pradesh

Maharashtra

Manipur
Meghalaya

Mizoram
Nagaland
Orissa
Pudcherry
Punjab
Rajasthan
Sikkim
Tamil Nadu
Tripura
Uttarakhand
Uttar Pradesh

West Bengal

Adoption of the New Punishment Regime

- Corporatisation of the electricity authority

Table 1 also represents the year when each state’s Regulatory Commissions passed the new theft
rule under the Electricity Act. It is important to note that each state enacted the theft rule at
different years which will allow us to run the quasi-experiment. In some states, corporatisation,
decentralisation and/or the new theft rule endorsement occurred in the same year.

The Electricity Act 2003 replaced the India Electricity Act 1910 set up during the British Era.The
new Act has a wide variety of regulations, including on generation, transmission and distribution.
It also introduces some new theft rules with a number of features that can be expected to bring
greater compliance and less theft among consumers in the electricity sector.
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The salient changes in the theft rule are presented in Table 2. There are at least three rules that
are of interest. First, the new theft rule establishes fines for theft in line with the amount of theft
committed. The previous rule had a fixed payment to be set by the power utilities and
disagreements with consumers would be settled in court. Second, there are now provisions for
special courts which will ensure speedy trials for theft related cases. Third, the definition of
electricity now includes a wide array of specific activities. The definition under the previous Act
was broad and did not include specific activities.

Table 2: Comparison of theft rules between the India Electricity Act 1910 and Electricity Act 2003

1910 Act

2003 Act

Definition of Theft

Penalty for theft

Special Court

Broad  definition providing  for
presumption of theft in the event of
presence of artificial means for
abstraction of energy.

Imprisonment up to 3 years OR fine not
less than Rs. 1000/- OR both.

No provision for Special Court for
dealing with offences relating to theft
of energy or meddling with meters or

Exhaustive definition covering as
many types of theft as possible.

Imprisonment for a minimum period
of 6 months and up to 5 vyears
provided for 2" and subsequent
convictions for consumers using
loads in excess of 10 KW only.

Fine to be at 3 times the gain in case
of first conviction and 6 times the

nd

gain for 2 and subsequent

convictions.

Provides for constitution of Special
Courts for each area which shall have
the power of Courts of Session.

works of utility.

We use the system loss data published by Power Finance Corporation Limited (PFCL), the nodal
agency to the Ministry of Power, India to operationalize a number of programs. PFCL published
reports on the performances of power sector utilities since 2003, which compile three-year
financial and other performance data of the utilities. We used the four installments that came out
so far containing data between 2003-04 and 2011-12.

There are two advantages of using this dataset over the others. First, it does not contain the
transmission losses. PFCL collects data from power distribution utilities of the amount of
electricity that is sent as input after the electricity is transmitted to the utility. The only technical
loss that the system loss data containsis the technical loss due to distribution. This data is
therefore cleaner than the usual system loss data published by Central Electricity Authority of
Ministry of Power, India which includes transmission loss too. Second, PFCL's publication contains
data at utility level as opposed to state level. This allows for more observation at cross-section
level as some states have more than one electricity-supplying authority. The data published by
Central Electricity Authority contains only state level data.
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There are two advantages of using this dataset over the others. First, it does not contain the
transmission losses. PFCL collects data from power distribution utilities of the amount of
electricity that is sent as input after the electricity is transmitted to the utility. The only technical
loss that the system loss data containsis the technical loss due to distribution. This data is
therefore cleaner than the usual system loss data published by Central Electricity Authority of
Ministry of Power, India which includes transmission loss too. Second, PFCL’s publication contains
data at utility level as opposed to state level. This allows for more observation at cross-section
level as some states have more than one electricity-supplying authority. The data published by
Central Electricity Authority contains only state level data.

We have unbalanced panel data of different electricity authorities in 29 states for the years
2003-04 to 2011-12. A number of states have decentralised their electricity distribution system
after 2003. As a result, the number of utilities in a state varies over the years making the panel
unbalanced. Furthermore, the transmission loss data for the states of Meghalaya and Sikkim and
the power utility Southern Power Distribution Company of Andhra Pradesh Limited and BSES
Rajdhani in Delhi are not available. Hence, we drop these power utilities from our analysis. Taken
together, our best set includes 454 utility-year level data of 29 states. Unfortunately, we do not
have data on capital expenditure, total expenditure, operations and maintenance costs and
depreciation costs for the year 2003. Therefore, our second best data includes 406 observations.
Of these 406 observations, we do not have average revenue data of 46 observations. This makes
our third set of data of 360 observations.

To collect the data on timing of the Enactment of the Electricity Act 2003 including the provisions
for theft, corporatisation and decentralisation, we visited the websites of different states’
Electricity Regulatory Commissions’ webpages, went through the respective acts and checked
whether the State Electricity Regulatory Commissions passed the new theft rules under the Act. It
turns out that for some states, the rules on theft are added later as amendments to the original
state enactment of the electricity act. We use the year in which the theft related rule is passed. For
corporatisation, we looked at the history of each power utility and generated the data on when
they were created.

IV. Descriptive Statistic

In this part of the paper, we present some descriptive statistics about the dataset we used. Table
3 represents the key descriptive statistics of the variables in question. More specifically, we
consider system loss as the dependent variable. The independent variables considered are a
dummy variable for the enactment of theft rule of the Electricity Act, a dummy variable for
whether the electricity distribution system is corporatised and the number of power distribution
utilities in the state.

We first discuss system loss. System loss is calculated as
System Loss = Amount of unbilled electricity/Amount of electricity supplied.

Generally, this is always positive as some amount of electricity is always lost when the electricity
passes through the distribution lines and the transformers. The technical system loss should range
between 5% to 8% depending on the quality of the distribution lines and transformers. Table 3
however shows a much
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larger mean for system loss across the authorities in India. It turns out that this is about 28.7%
with standard error 11.8%. The mean system loss with the new theft rule effective is 26%. The
mean system loss without it is 34%.The national system loss is computed as a weighted average,
with the weights being the amount of electricity supplied by each authority as a percentage of
national electricity supply. The national system loss, computed this way, is 27.3% over all the years
under study.

Table 3: Descriptive Statistics

Variables Unit Mean  Standard Error N

System Loss (1 = 100%) % 0.289 0.118 457
System Loss (1 = 100%) with enactment of act % 0.342 0.129 304
System Loss (1 = 100%) without enactment of act % 0.262 0.101 150
Electricity Act dummy % 0.665 0.472 457
Corporatisation dummy % 0.683 0.466 457
Number of distribution utilities per state Count 2.735 1.520 457
Electricity Price per KWH — Aggregated Rupees  3.158 0.717 360
Electricity Price per KWH — Domestic Rupees 2.715 0.827 360
Electricity Price per KWH — Non-Domestic/Commercial Rupees 5.139 1.518 360
Electricity Price per KWH — Agriculture Rupees 4,322 0.849 360
Electricity Price per KWH — Industry Rupees 1.434 1.125 360
Capital Expenditure Crore Rupees 441.044 685.853 409
Operations and Maintenance Cost Crore Rupees 64.611 93.881 409
Depreciation Cost Crore Rupees 133.672 189.725 409
Total Expenditure Crore Rupees 3984.333 4935.591 409
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Table 3 also presents summary statistics regarding the Electricity Reforms. The percentage of
utility-years that are subject to the new theft rule under the Electricity Act is 49% with standard
error .501. The percentage utility-year that is corporatised is 62.5%, which is higher than the
percentage of authorities subject to the Act since the corporatisation process started before the
Act. The average number of utility-year in a state is 2.6 with standard error 1.56.

It is difficult to come up with one single measure for the price of electricity. It is common
throughout the world, including India, to charge different electricity prices to different consumer
categories. Furthermore, electricity prices typically vary in terms of peak and off peak hours, rural
and urban sectors as well as levels of electricity usage at individual consumer levels. We therefore
proxy average electricity price by average revenue (per kwh) for each state using the formula:

TotalRevenueEarned

AverageElectricityPrice = — .
TotalElectricityconsumed

For a deeper analysis, we also consider the electricity price measures for different consumer
categories using the same formula for each consumer category. As expected, the prices varies
considerably across consumer types, with agricultural users paying the least and non-domestic
and commercial users paying the most.

In order to identify a price effect, we need to see whether it varies enough across time. Figure 2
depicts time trends for the price at each consumer category. It shows mostly increasing time

trends for all prices except a decrease in the non-domestic price in 2009.

Figure 2: Time Trends for Electricity Price Measures for different consumer category and aggregate price
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Figure 3 depicts our primary result where we present a Lowess Smoother of different utilities’
experiences three years before and three years after enactment of the rule. Whereas system loss
and all other variables are measured throughout the fiscal year, the year variable is defined as the
first year of the fiscal year (Hence, the 2003-04 is considered as 2003 and so on). The Electricity
In the graph, system loss is represented in the y axis and the period variable is presented in the x
axis. The period variable is 0 in the year the Act is enacted. Since the Act could be passed any
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month during the year the graph therefore exhibits the distribution of system loss two years
before and four years (including zero) after the Act is enacted, as well as a trend line around the
distribution.

The graph in Figure 3 shows that power utilities experience a slight upward trend in system loss in
the two years before the Act is enacted. After the Act is passed, we see a downward trend in the
system loss (starting in year 0 being the first year of the Act).

Figure 3 considers only the power utilities that experience the endorsement of the Act. As Table 1
shows, a number of states and therefore, the respective power utilities in those states, didn’t
experience the change in the Act by 2008 and were omitted in Figure 3. It is possible that these
power authorities may experience a similar downward trend in system loss irrespective of the Act.
We can therefore look at a similar Lowess Smoother of these states over time.

Figure 3: System Loss trends with three years before and three years after the Act is enacted
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Note: Treatment year is 0. The transitional effect is captured between the year -1 and 0. Since the intervention can come
at any time of the year, the transitional effect is understated. Only the states having three years of pre- and post-data
are considered.

Figure 4 illustrates the distribution of system loss and the time trend that is similar to Figure 3, but
considers only the power utilities that didn’t experience the change in the Act. The graph shows
an upward trend in system loss over time for the period under consideration.
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Figure 4: Lowess Smoother for States that either enacted after 2008 or didn’t enact at all
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V. The Empirical Frame

There are two factors that we consider. First, there are two sets of reform efforts: i) The enactment
of the new theft rule under Electricity Act 2003 and ii) The corporatisation and decentralisation of
the distribution system. Second, we look at the effect of electricity prices.

System loss and the Electricity Act

In this section, we present an econometric analysis of the effect of the Electricity Act on system
loss. Whereas Figures 1 & 2 do exhibit downward trends in system loss after enactment of the Act
at the power utility level, and an upward trend for all other states, it is possible that this could be
the result of other reforms that are stated in the previous section. In this section, we would like to
control for those major reforms, namely, Corporatisation and Decentralisation.

We estimate the effect of the Act on system loss with the following panel data regression:

Where Y, is the system loss of utility i in state j in year t, @; represents state level time-invariant
fixed effects and S, represents year fixed effects. The parameter of interest is y, the coefficient of
Aj, which equals 1 when state j enacted the Act in year t and the years onwards. Among other
factors, X;; represents the set of electricity prices in state j in year t whereas X3 includes the
policy-related control variables, namely a dummy variable representing whether the distribution
authority is corporatised and a variable representing the number of units the distribution system
decentralised to. Finally, Z;, represents other potential factors in utility i in state j in year t that may
influence the technical components of system loss of utility 7 in state j in year t. These factors are
capital expenditure, operations and maintenance cost, depreciation cost and total expenditure in
utility 7 in state j in year t. €; represents unobservable components in system losses at

utility-state-year level.
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I. The Empirical Resul

We consider two factors influencing the system loss. We first consider the effect of stronger legal
institutions put forth by the Electricity Act 2003. We then discuss the effect of electricity prices on
system loss.

The Effect of Stronger Legal Institutions

The results are given in Table 4. In column 1 of Table 4, we first consider the effect of the Act using
only Ordinary Least Squares without adding any control variables. We find that the enactment of
the Act on average reduces system loss by 7.7%. It is possible that there are potential time
invariant factors that may influence this result. We therefore add state-level fixed effects to control
these factors. Column 2, even after introducing state-level fixed effects, shows that the Electricity
Act has caused a 6.7% decrease in system loss. In column 3, we control for year fixed effects. We
find that enactment of the Act, on average, reduces system loss by 4.1%. The coefficients are
statistically significant at (at least) the10% level.

It is possible that the changes in system loss might be caused by some other reform efforts during
the period. As Table 1 suggests, some authorities indeed were corporatised and decentralised
during the same period and the coefficient of the Act may capture some of their effects. In order
to control for it, we first consider a control variable that represents the decentralisation process by
including the number of utilities the distribution system is split into. The result is presented in
column 4. It turns out that the effect is similar in magnitude and remains statistically significant at
the 10% level. Since corporatisation of distribution system may also reduce system loss, we control
for it by adding a dummy variable that equals one when a utility is corporatised and 0 when it is
not, in addition to decentralisation. The result is presented in column 5. We found that the effect
of the Act is statistically significant at 1%, with a similar magnitude.

Table 4: Panel Regression with Authority and Time fixed effects

oLS FE FE FE FE
VARIABLES (1) (2) (3) (4) (5)
Electricity Act 2003 -0.0802*** -0.0662*** -0.0397* -0.0390* -0.0390*
(0.0276) (0.0166) (0.0220) (0.0221) (0.0221)
Decentralisation -0.0056 -0.0046
(0.0126) (0.0155)
Corporatisation -0.0055
(0.0421)
Constant 0.3424*** 0.3331*** 0.3334*** 0.3472%** 0.3479***
(0.0248) (0.0110) (0.0149) (0.0288) (0.0278)
State FE NO YES YES YES YES
Year FE NO NO YES YES YES
Observations 457 457 457 457 457
R-squared 0.1038 0.1604 0.2036 0.2044 0.2045
Number of states 29 29 29 29 29
Log-Likelihood 355.5 620.2 632.3 632.5 632.6

Note: ***, ** and *** represent level of significance of the coefficients at 1%, 5% and 10% level. The
standard errors are clustered at state level.
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In Table 4, we have not considered factors that may influence the technical system loss. It is
possible that along with the institutional reforms, other investments were undertaken to reduce
the technical system loss. Even though it is very difficult to reduce technical system loss
significantly, the coefficients in Table 4 may capture some of it. In order to control for it, we looked
at two strings of variables. First, any regular efforts to reduce the system loss should be reflected
on the operations and maintenance cost as well as the depreciation cost. We therefore add it as a
separate control to variable. Since larger states should have larger such costs, we additionally
control for total expenditure. Second, part of such efforts should be captured in capital
expenditures, especially if there are investments to reduce technical system loss. We therefore
additionally control for capital expenditure. Also, note that electricity authorities with higher
system loss may also have higher expenditures, since they may have to spend more on operations,
maintenance and depreciation due to poor technical systems, and they may also make larger
investments captured in higher capital expenditure, indicating positive relationships.

The results are presented in Table 5. As it indicates, the number of observations are fewer since,
unfortunately, we do not have the 2003 data for these control variables. We therefore had to use
observations since 2004. Since this may create a selection bias, we therefore rerun specification 2
of Table 4 as the benchmark specification without 2003 data and then add the control factors that
may potentially affect the technical component of the system loss.

We first present the benchmark result in column 1 and we add other technical and reform factors
in latter specifications. We first observe, as column 1 indicates, that after rerunning the
specification 2 of Table 4 without 2003 data, there is a marginal drop in the magnitude of the
effect of Electricity Act to 6.6% from 6.7%. However, the magnitude remains statistically significant
at the 1% level. Now we add the technical factors as further controls, namely, the operations and
maintenance costs, depreciation costs and capital expenditures of each utility as well as total
expenditure to capture the size of the utility authority. The results are presented in column 2. We
find that the effect is 5.5% and it is statistically significant at the 1% level.

Following Table 4, we additionally control for the decentralisation efforts and corporatisation of
electricity utility authorities by adding year fixed effects. The results are presented in Tables 3, 4
and 5. We observe that the effect of the Electricity Act is around 4.2% and is statistically significant
at the 5% level. The important observation here is that after adding the technical control factors,
the coefficient for the Electricity Act has both gone up slightly in magnitude and also become
statistically significant at a lower level (5%) than that (10%) in Table 4.

Effect of Electricity Prices

For electricity prices, we consider the average revenue per Kwh for four consumer types:
domestic, non-domestic, industry and agriculture. We consider all the prices at the same time.
Since prices function the same way as taxes, according to the tax evasion literature, we should
observe an increase in system loss as price increases.

The results are presented in Table 6. In column 1, we consider only the prices and state-fixed
effects. Contrary to our hypothesis, it turns out that the price coefficient for non-domestic users is
negative and statistically significant at the 1% level, whereas the coefficient of prices for the other
categories are not significant. This however could be the result of not controlling for the effect of
the Electricity Act 2003.
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Typically, prices are adjusted upwards over time and, as the Electricity Act 2003 gets in to effect
increasingly over time (resulting in lower system loss), the effect in column 1 may be picking up
the effect of the Electricity Act. We therefore first control for time fixed effects and then
additionally control for the Act. The results are presented in columns 2 and 3. We find that a 1
Rupee increase in the price for industrial users increases the system loss, with the effect ranging
between 2.7% to almost 3%, and is statistically significant at the 5% level. The coefficients of other
prices are however not statistically significant.

Table 5: Effect of Stronger Legal Institutions stipulated by Electricity Act 2003 while controlling for technical
system loss

FE FE FE FE FE
VARIABLES (1) (2) (3) (4) (5)
Electricity Act 2003 -0.0644*** -0.0536*** -0.0415** -0.0416** -0.0415%**
(0.0189) (0.0161) (0.0188) (0.0186) (0.0187)
Decentralisation 0.0023 0.0019
(0.0115) (0.0113)
Corporatisation 0.0069
(0.0386)
Constant 0.3318%** 0.3493%** 0.3366*** 0.3304*** 0.3268***
(0.0139) (0.0160) (0.0189) (0.0371) (0.0465)
State FE YES YES YES YES YES
Year FE NO NO YES YES YES
Observations 409 409 409 409 409
R-squared 0.1313 0.2168 0.2336 0.2337 0.2338
Number of states 29 29 29 29 29
Log-likelihood 575.2 596.4 600.8 600.8 600.9

Note: *** ** and *** represent level of significance of the coefficients at 1%, 5% and 10% level.The standard errors are
clustered at state level. Specifications 2 — 5 has control variables Capital Expenditures, Operations and Maintenance
Cost, Depreciation Cost and Total Expenditure.

It is possible that the technical component of the system loss may also be changing (say,
increasing) as discussed above. We therefore control for the set of factors that might potentially
influence any changes in the technical system loss, namely, capital expenditure (controlling for
total expenditure), operations and maintenance costs and the cost of depreciation. The result is
presented in column 4 of Table 6. The coefficient of price for industrial users goes down somewhat
to 2.6%, while remaining statistically significant at the 5% level, with other prices still not
statistically significant. In columns 5 and 6, we additionally control for the decentralisation and
corporatisation efforts, as they might still have an impact that is captured in the industrial price.
We find that controlling for decentralisation and corporatisation does not have any impact on the
significance of the coefficient of industrial electricity prices, with a magnitude hovering around
2.5% - 2.6%.

The system loss seems to be excessively sensitive to prices: a 1 Rupee (.016 USS) increases system
loss by at least 2.5%. This becomes slightly sensible when we consider the average price. As the
descriptive statistics section shows, the average electricity price of industrial users is about 4.32
Rupees, a 1 Rupee increase implies a 23% increase in electricity price for industrial users. Given
that, the price effect seems not so excessive.
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Table 6: Effect of Electricity Prices for each consumer category on System Loss
FE FE FE FE FE FE
VARIABLES (1) (2) (3) (4) (5) (6)
Price - Domestic -0.0314 -0.0054 -0.0073 -0.0053 -0.0052 -0.0086
(0.0316) (0.0173) (0.0151) (0.0149) (0.0149) (0.0159)
Price — Non-Domestic -0.0093*** 0.0055 0.0057 0.0060 0.0060 0.0060
(0.0029) (0.0045) (0.0046) (0.0037) (0.0037) (0.0038)
Price — Industrial 0.0063 0.0293** 0.0271** 0.0257** 0.0254** 0.0258**
(0.0179) (0.0139) (0.0125) (0.0102) (0.0097) (0.0097)
Price - Agricultural -0.0060 0.0010 0.0015 0.0011 0.0012 0.0034
(0.0168) (0.0087) (0.0087) (0.0092) (0.0089) (0.0098)
Electricity Act 2003 -0.0290%* -0.0330** -0.0332** -0.0347**
(0.0162) (0.0157) (0.0152) (0.0154)
Decentralisation 0.0018 -0.0015
(0.0163) (0.0181)
Corporatisation 0.0330
(0.0294)
Constant 0.3895*** 0.1856*** 0.2063*** 0.2128*** 0.2087*** 0.1924**
(0.0498) (0.0620) (0.0655) (0.0515) (0.0707) (0.0694)
Observations 360 360 360 360 360 360
R-squared 0.0686 0.3050 0.3182 0.3472 0.3472 0.3520
State FE YES YES YES YES YES YES
Year FE NO YES YES NO YES YES
Log-likelihood 496.6 549.3 552.7 560.6 560.6 561.9

Note: *** ** gand *** represent level of significance of the coefficients at 1%, 5% and 10% level. The standard errors are
clustered at state level. Specifications 4 — 6 have additional control variables Capital Expenditures, Operations and
Maintenance Cost, Depreciation Cost and Total Expenditure.

We have also considered an aggregated electricity price proxied by average revenue per Kwh in
each state. The result is presented in Table 7. In column 1, in line with Table 6, we consider the
effect of the aggregated price with state fixed effects only. We find that it does not have a
statistically significant effect on system loss. For reasons explained above, we need to control for
time fixed effects and the new theft rule effect. The results are presented in columns 2 and 3.
We find that a 1 Rupee (32% from average price 3.104 Rupee) increase in the aggregated price
results into an at least 3.8% increase in system loss. We additionally control for factors that
influence the technical component of system loss, as well as other reforms. The results are
presented in columns 4, 5 and 6. We find that a 1 Rupee increase in price increases system loss
by 3.4%, and the result is statistically significant at the 5% level.

Finally, it is important to point out that the effect of the Electricity Act is still significant in most
cases in Tables 6 and 7, where the effects of electricity prices are controlled for. In Table 6, the
effect on system loss is 3.5% in the most robust specification, and is statistically significantat the
5% level. In Table 7, the effect on system loss is still 3.5% and is statistically significant at the 10%
level.

Corporatisation and Decentralisation:

Since corporatisation and decentralisation started in the late 90s, while our data begins from
2003, we cannot design a quasi-experiment for all states in this case, although we may analyse
differences across states since 2003. Tables 4 and 5 show the results of the effect of
decentralisation and corporatisation. It turns out that the decentralisation and corporatisation
have positive impacts on system loss, but none of these effects are statistically significant.
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Robustness Check for the Endogeneity Problem

There are potential endogeneity problems which might cause us to overestimate or
underestimate the effect of the Act. On the one hand, the states that instituted the Act earlier may
be the ones that were more efficient and therefore, better at maintaining a low system loss all
along, whereas the states that were not efficient and not able to keep the system loss low might
have also failed to see the benefits of the stronger legal institutions. If this is the case, the simple
fixed effects estimate done above overestimates the impact. On the other hand, states with high
system loss could be more desperate and hence institute it before the other states, in which case
the effect will be underestimated. The standard approach to such potential endogeneity problems
is to introduce Instrumental Variables that influence the timing of the Act, but not the system loss.
Unfortunately, we do not have such variables at hand.

We may however be able to perform a test to check whether such an endogeneity problem exists
in our data. Since the Electricity Act 2003 triggered the adoption of stronger legal institutions, we
can check whether the initial level of system loss at 2003 can explain the number of years taken to
adopt the new legal institutions. If efficient states adopt it earlier, we will observe a positive
relationship. If inefficient states do so earlier, a negative relationship should emerge.

Table 7: Effect of the Aggregated Electricity Price on System Loss

FE FE FE FE FE FE
VARIABLES (1) (2) (3) (4) (5) (6)
Aggregated Price -0.0288* 0.0378** 0.0345* 0.0299* 0.0293* 0.0283*
(0.0154) (0.0177) (0.0184) (0.0155) (0.0158) (0.0164)
Electricity Act 2003 -0.0282 -0.0329* -0.0333%* -0.0330*
(0.0190) (0.0184) (0.0180) (0.0182)
Decentralisation 0.0048 0.0040
(0.0158) (0.0161)
Corporatisation 0.0160
(0.0410)
Constant 0.3660***  0.2122%**  (0.2298***  (0.2501***  (0.2380***  (0.2303***

(0.0485) (0.0519) (0.0553) (0.0492) (0.0654) (0.0693)

Observations 360 360 360 360 360 360
R-squared 0.0386 0.2981 0.3108 0.3376 0.3380 0.3387
State FE YES YES YES YES YES YES
Year FE NO YES YES YES YES YES
Log-Likelihood 490.9 547.5 550.8 557.9 558.0 558.2

Note: *** ** and *** represent level of significance of the coefficients at 1%, 5% and 10% level. The standard errors are
clustered at state level. Specifications 4 — 6 have control variables Capital Expenditures, Operations and Maintenance
Cost, Depreciation Cost and Total Expenditure.
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Table 8: Testing whether initial system loss affect number of years to adopt the new legal institution

Dep Var: No. of years to OoLS OLS OoLS Negative Negative Negative
adopt Electricity Act 2003 Binomial Binomial Binomial
VARIABLES (1) (2) (3) (4) (5) (6)
System Loss in 2003 1.6045 1.0070 1.8146 0.5352 0.3141 0.5184
(3.4446) (3.3317) (2.7565) (1.1389) (1.0315) (0.7436)
Constant 2.4520*  4.4648***  3.8151**  0.9140** 1.5357*** 1.3016***

(1.2365) (1.5781) (1.6941) (0.4226) (0.4486) (0.4444)

Observations 45 45 45 45 45 45
R-squared 0.0113 0.0952 0.2823
Il -87.64 -85.64 -80.43 -85.20 -83.14 -79.42

Note: *** ** and *** represent level of significance of the coefficients at 1%, 5% and 10% level. The standard errors are
clustered at state level. Specifications 2 — 3 and 5 — 6 control for amount of electricity supplied and Percentage of bills that
are collected by the corresponding utility. Specifications 3 and 6 in addition control for decentralisation (number of
electricity supplying utilities in the state) and whether a utility is corporatised or not.

More specifically, we regressed the initial system loss levels of 2003 on the number of years taken
to adopt the legal institutions. The results are presented in Table 8. In column 1, we apply simple
OLS and find that the coefficient is not statistically significant. In column 2, we use cluster-robust
standard errors which increase the standard errors and reduce the p-value. Finally, since the
number of years is a count data, we apply a negative binomial method. We still find initial system
loss to be not statistically significant. This therefore provides suggestive evidence that an
endogeneity problem might not be present in our data.

In addition, we also conducted a placebo test. The placebo test considers the same treatment
years as the original Act except the treatment year 2007 on the original Act is replaced by 2006.
The results are presented in table 9. It turns out that the placebo treatment is not statistically
significant in most specifications.
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Table 9: Placebo Test for Electricity Act

Dep. Variable: System Loss (1) (2) (3) (4)
VARIABLES
Placebo Act -0.0357 -0.0363%* -0.0229 -0.0241
(0.0261) (0.0212) (0.0198) (0.0189)
Decentralisation -0.0032 0.0040 0.0049 0.0009
(0.0161) (0.0112) (0.0155) (0.0170)
Corporatisation -0.0065 0.0069 0.0176 0.0329
(0.0424) (0.0390) (0.0406) (0.0417)
Aggregate Price 0.0290*
(0.0159)
Price - Domestic -0.0088
(0.0177)
Price — Non-Domestic 0.0058
(0.0037)
Price — Industrial 0.0265**
(0.0107)
Price - Agricultural 0.0020
(0.0096)
Constant 0.3451%** 0.3199%** 0.22171%** 0.1855**
(0.0300) (0.0445) (0.0662) (0.0683)
Observations 457 409 360 360
R-squared 0.1979 0.2232 0.3280 0.3401
State FE YES YES YES YES
Year FE YES YES YES YES
Log-Likelihood 630.7 598.1 555.3 558.6

Note: *** ** and *** represent level of significance of the coefficients at 1%, 5% and 10% level. The standard errors are
clustered at state level. The Placebo Act has same treatment years at the original Act except the treatment year 2007 on
the original Act is replaced by 2006. Specifications 1, 2, 3 and 4 are the exact same specification as that of the last
specification of table 5, 6, 7 and 8 respectively except the Electricity Act dummy is replaced by the placebo dummy. Hence,
Specifications 2, 3 and 4 have control variables Capital Expenditures, Operations and Maintenance Cost, Depreciation
Cost and Total Expenditure.

VII. Conclusion

In this paper, we analysed the effect of India’s Electricity Act 2003 on system loss. We argued that
a significant proportion of electricity is lost due to electricity theft, which is reflected in higher
than expected system loss. India’s recent Electricity Act introduced new theft rules that include
stricter punishments, provisions for speedier-trials through special courts and clearer definitions
for theft. We expect that all these should cause lower electricity theft, which in turn should be
reflected in lower system loss. We found that there is indeed a steady downward trend in system
loss after the enactment of the bill. This result is robust to utility level fixed effects and year fixed
effects. Our result suggests that it is extremely important to ensure strong legal institutions to
combat illegal behavior and corruption.We have also looked at the effect of electricity prices on
electricity theft. We have found that increases in the price increases system loss, suggesting that
the price increase resulted in greater electricity theft. This finding is consistent with the tax
evasion literature where increasing taxes results in greater tax evasion.
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